Introduction
============

β-thalassemias are a group of hereditary blood disorders characterized by anomalies in the synthesis of the beta chains of hemoglobin resulting in variable phenotypes, ranging from severe anemia to clinically asymptomatic individuals. Three main forms have been described: thalassemia major(TM) thalassemia intermedia (TI) and thalassemia minor. Individuals with TM usually present within the first two years of life with severe anemia, requiring regular red blood cell (RBC) transfusions.[@b1-mjhid-7-1-e2015005]

The life expectancy of children and adolescents with TM and TI has markedly increased, due to improvement of the quality and techniques of blood transfusion and new development of effective oral iron chelators.[@b1-mjhid-7-1-e2015005] However, TI patients still develop iron overload, despite the lack of need for blood transfusions, because of increased intestinal iron absorption.[@b2-mjhid-7-1-e2015005]--[@b5-mjhid-7-1-e2015005] Moreover, various endocrine abnormalities have been described in patients with TM and TI and most reports incriminate iron overload as an important factor in the development of target-organ dysfunction.[@b6-mjhid-7-1-e2015005],[@b7-mjhid-7-1-e2015005]

Iron overload is toxic to parenchymal cells because it generates free radicals and induces oxidative stress causing damage to biomolecules, including lipids, proteins, and DNA.[@b1-mjhid-7-1-e2015005],[@b3-mjhid-7-1-e2015005]

Therefore, regular surveillance of these patients is essential for early detection and management of possible complications, such as: heart failure and arrhythmias, chronic liver diseases, endocrine problems (hypogonadism, hypothyroidism, diabetes mellitus, hypoparathyroidism and adrenal insufficiency), growth failure, osteoporosis and thrombophilia.[@b1-mjhid-7-1-e2015005],[@b6-mjhid-7-1-e2015005] In TM, the prevalence of adrenal insufficiency (AI) is variable because of the variable degree and duration of iron overload and not standardized cutoff cortisol values for diagnosing cortisol deficiency. In addition, the prevalence of AI has not been investigated well in adolescent patients with TI. Although, most studies have revealed intact pituitary adrenal axis in TM, several recent studies reported a significant prevalence of subclinical "biochemical" AI, ranging from 18--45% in these patients.[@b8-mjhid-7-1-e2015005]--[@b15-mjhid-7-1-e2015005] AI is either primary, due to deposition of excess iron in the adrenal gland or secondary due to the toxic effects of iron in the pituitary gland.[@b16-mjhid-7-1-e2015005]--[@b18-mjhid-7-1-e2015005] The combined measurement of early morning serum cortisol and plasma ACTH separates patients with primary adrenal insufficiency from healthy individuals and from those with secondary disease.[@b19-mjhid-7-1-e2015005] While the diagnosis of overt adrenal failure is generally straightforward, the identification of asymptomatic patients with subtle dysfunction of the hypothalamic-pituitary-adrenal (HPA) axis is still a diagnostic challenge.

We assessed basal and stimulated cortisol secretion in relation to the degree of iron overload in 190 consecutive adolescent patients with TM and TI.

Subjects and Methods
====================

This study included all patients who were referred to the thalassemia clinic, Hospital and Outpatient Clinic, affiliated with the Shiraz University of Medical Sciences. The patients divided into two groups according to their diagnosis: TM and TI. All patients with TM were on regular blood transfusion every 2--4 weeks. TI patients were transfusion independent.

The diagnosis of thalassemia was based on complete blood count (CBC), Hb electrophoresis and clinical history.

Inclusion criteria were all TM and TI patients aged 10 years and above.

Exclusion criteria included: history of any infection or stress such as surgery in the past four weeks, congestive heart failure, thyroid dysfunction, hepatic impairment, uncontrolled diabetes mellitus, and/or taking any medications that may have an effect on adrenal function. Four-hundred-ninety TM and 196 TI patients over 10 years old were eligible. From these patients, 190 consecutive patients were enrolled in our study.

A venous blood sample was collected from all patients at 8 AM for measuring serum ferritin, cortisol, and ACTH concentrations.

Assessment of adrenal function
------------------------------

A 2.5 mL sample of fasting venous blood withdrawn from the participants was added to CBC tube contained EDTA anticoagulant. Plasma, centrifuged immediately, was preserved in −20 °C in the freezer, then carried by cold box to the laboratory to test ACTH level. Furthermore, 3 mL clot blood was also withdrawn from each patient. The serum was immediately separated without hemolysis, preserved in −20 °C in the freezer and then, carried by cold box to the laboratory to test cortisol level.

The ACTH and cortisol levels were measured by use of an electrochemiluminescence immunoassay (ECLIA) method (Radim Diagnostics, Pomezia- Rome, Italy). Normal range of cortisol at 7--10 A.M. was 6.2--19.4 μg/dL and 2.3--11.9 μg/dL at afternoon, while that for corticotropin (ACTH) was 7.2--63.3 pg/mL.

Differentiation between primary and secondary adrenal insufficiencies
---------------------------------------------------------------------

Analysis of the results was considered as follows:

1.  A low plasma cortisol levels (\< 6.2 μg/dL -- 10th percentile), measured between 8.00--9.00 am, in the face of high ACTH levels (*i.e.* \> 100 pg/mL) suggested primary AI.[@b19-mjhid-7-1-e2015005],[@b20-mjhid-7-1-e2015005]

2.  Inappropriately normal or low ACTH levels (\< 7.2 pg/mL), in the presence of low cortisol level (\< 6.2 μg/dL -- 10th percentile), suggested secondary AI.[@b21-mjhid-7-1-e2015005]

3.  Failure to increase cortisol levels above 18 μg/dL at 30--60 minutes post corticotropin intravenous (i.v.) stimulation test indicated adrenal insufficiency.[@b22-mjhid-7-1-e2015005]

Standard dose ACTH stimulation test
-----------------------------------

The ACTH stimulating test was performed with 250 *μ*g synthetic ACTH 1--24, cosyntropin, tetracosactin, Synacthen, as i.v. bolus followed by measurement of serum cortisol 30 and 60 min after the injection (CINACT ampoule).

Fasting serum ferritin was measured by Electro Fluorescent Assay (ELFA) method, Mini Vidas machine (bio Merieux SA, France).

Statistical analyses
--------------------

Statistical analyses were performed with SPSS Software (SPSS: An IBM Company, version17.0, IBM Corporation, Armonk, NY, USA). Test of normality was performed by Shapiro-Wilk Test for serum ferritin, ACTH, and cortisol levels. Mann-Whitney test was used for comparison of serum ferritin, ACTH, and cortisol levels between TM and TI patients. Student t-test was used for comparison of age between the two groups. Comparison of qualitative data was done by Chi-square test. A p value \<0 .05 was considered as statistically significant.

Ethical aspects
---------------

The study was performed in accordance with provisions of the Declaration of Helsinki and Good Clinical Practice guidelines and was approved by Medical Ethics Committee of the Shiraz University of Medical Sciences. Written informed consent was obtained from the patients or their parents.

Results
=======

Ninety-four TM and ninety-six TI patients were investigated. The mean age of the TM and TI group were 22.5±5.7 and 23.8±6 years, respectively. No significant age difference was found between the two groups (p:0.15).

In the TM group, 55 subjects (58.5%) were females and 39 males (41.5%). In the TI group, 41 (42.7%) were women. All patients with TM have been on iron chelators with deferoxamine (DFO) (70%), combined DFO and deferiprone (DFP) (10%) or deferasirox (DFX) (20%).

The compliance to DFO and DFX iron chelators were fair and good, respectively. Among the study subjects, 90 (47.4%) had splenectomy, 34 (36.2%) with TM and 56 (58.2%) with TI, respectively (p:0.001). The median and interquartile range of serum ferritin levels in TM and TI groups were 2184±3700 ng/ml and 437±443 ng/ml respectively (p\< 0.001). ([Table 1](#t1-mjhid-7-1-e2015005){ref-type="table"})

In general, an early morning (8 am) plasma cortisol level lower than 6.2 μg/dL -- (10th percentile) is suggestive for primary AI, whereas a value higher than 15 μg/dL makes the diagnosis highly unlikely. Therefore, we performed an ACTH stimulation test only in 3 patients (2 males and a female; 1.6%) with low basal levels of cortisol ([Table 2](#t2-mjhid-7-1-e2015005){ref-type="table"}).

Patient 1 was on treatment with DFO and had dilated cardiomyopathy with normal left ventricular ejection fraction (LVEF). Patient 2 has short stature and pubertal delay with mild systolic and diastolic cardiac dysfunction. He has been on iron chelation therapy with DFO plus DFP and L-thyroxine therapy for primary hypothyroidism. Patient 3, while on treatment with DFX, presented with diabetes mellitus, dilated cardiomyopathy and normal LVEF. None of the 3 TM patients were on sex hormone replacement therapy or had received corticosteroids treatment.

Patients 2 and 3 had poor compliance with iron chelation therapy.

The plasma cortisol response at 60 minutes post ACTH injection should reach ≥ 18 *μ*g/dl in normal people.[@b22-mjhid-7-1-e2015005] In our TM patients, the cortisol responses to ACTH stimulation test resulted in normal range ([Table 2](#t2-mjhid-7-1-e2015005){ref-type="table"}).

All patients with TI had normal basal serum ACTH and cortisol concentrations.

The median of ACTH concentrations did not differ significantly between patients with TM and TI (p: 0.072, [Table 1](#t1-mjhid-7-1-e2015005){ref-type="table"}). The median serum ferritin and basal serum cortisol levels were significantly higher in TM versus TI patients (p\<0.001, [Table 1](#t1-mjhid-7-1-e2015005){ref-type="table"} ).

Discussion
==========

A large body of evidence has emerged linking severe iron overload with increased vulnerability to endocrine dysfunction in patients with thalassemia.[@b1-mjhid-7-1-e2015005],[@b2-mjhid-7-1-e2015005] Thalassemia patients, requiring continuous blood transfusion, suffer from iron overload, with a resultant increase in free non--transferrin-bound iron (NTBI), and iron accumulation in vital organs. In fact, the NTBI is rapidly taken up by liver and other tissues. A particular portion of NTBI is the chelatable labile plasma iron (LPI), which is not found in healthy individuals. The LPI is the most toxic component; its toxicity is due to an high reduction-oxidation (redox) potential, that generates oxygen-free radicals such as superoxide anions, which damages DNA, proteins, and membrane lipids in the cells.[@b23-mjhid-7-1-e2015005] Another source of iron accumulation results from increased duodenal iron absorption due to decreased expression of hepcidin, the central regulator of iron homeostasis.[@b24-mjhid-7-1-e2015005],[@b25-mjhid-7-1-e2015005] Iron has a marked affinity for the different endocrine glands.[@b26-mjhid-7-1-e2015005]--[@b29-mjhid-7-1-e2015005] The pituitary, thyroid and parathyroid gland, as well as the endocrine pancreas, are variably affected in these patients.[@b30-mjhid-7-1-e2015005]--[@b32-mjhid-7-1-e2015005] It appears that the hypothalamic pituitary adrenal axis is the least affected among the others in thalassemic patients. However, because of the histological and imaging evidence of iron deposits in the adrenal cortex[@b33-mjhid-7-1-e2015005],[@b34-mjhid-7-1-e2015005] the potential risk of AI in these patients carries a significant risk that requires early diagnosis.

Adrenal insufficiency can be primary or secondary. Primary AI occurs when the adrenal glands are damaged and cannot produce enough of the adrenal hormone cortisol. The adrenal hormone aldosterone may also be lacking.[@b17-mjhid-7-1-e2015005] Secondary adrenal insufficiency occurs when the pituitary gland fails to produce enough adrenocorticotropin (ACTH). If ACTH output is too low, cortisol production drops. Eventually, the adrenal glands can shrink due to lack of ACTH stimulation.

Our study showed that all adolescents and young adults with TI had normal ACTH- the cortisol axis. Only in three patients with TM the cortisol and ACTH concentrations were low. However, their cortisol response to 250 *μ*g synthetic ACTH was normal.

Different cut-offs for normal serum cortisol secretion have been proposed, and the most reliable criterium appear to be a cortisol peak greater than 18--20 *μ*g/dl after ACTH stimulation to exclude AI.[@b35-mjhid-7-1-e2015005] However, this test cannot be able to detect recent onset or mild forms of secondary AI. However, a normal cortisol response does not exclude secondary AI, because the adrenal glands, which have not yet undergone significant atrophy, can still respond to high dose ACTH stimulation.[@b36-mjhid-7-1-e2015005]

It is well known that the sensitivity of ACTH stimulation test to pick up mild adrenal insufficiency improves when using the low-dose of cosyntropin (1 μg ACTH given intravenously); but, this may result in a higher false-positive rate. In addition, the lack of a commercially available 1-μg dose may represent another potential error.

Although 250 mcg ACTH test (owing to a massive dose of ACTH) is not sensitive for diagnosis of partial secondary adrenal insufficiency, the basal cortisol value during the standard-dose test has in most clinical situations a diagnostic accuracy close to that of a low-dose of ACTH test.[@b37-mjhid-7-1-e2015005],[@b38-mjhid-7-1-e2015005]

Our 3 TM patients with low basal secretion of cortisol and ACTH (secondary AI) were asymptomatic. It is well known that the generalized weakness; tiredness and fatigability are, in the early phase of the adrenocortical insufficiency, transient and appearing only after increased physical or psychical stress. They become gradually more intensive and in more advanced stages of chronic adrenocortical insufficiency.[@b21-mjhid-7-1-e2015005],[@b36-mjhid-7-1-e2015005]

A standard-dose of 250 μg cosyntropin is useful for excluding primary AI in those with low cortisol level during screening. A cortisol response higher than 18 μg/dL at 30 minutes after a standard-dose ACTH confirms adequate cortisol secretion. Most individuals with normal adrenal function achieve much higher cortisol levels at 60 minutes after cosyntropin injection.

It should be also noted that a large variety of total cortisol assays is commercially available with considerable differences in specificity, sensitivity, accuracy, precision and reproducibility of many of these assays. Some of these assays appear to overestimate or underestimate actual cortisol levels and, as such, hamper the correct diagnosis of relative AI.[@b39-mjhid-7-1-e2015005]

These findings raise several interesting, relevant issues. Hematologists need to be more vigilant about endocrine complications in thalassemia. Whenever possible, cases of AI should be interpreted and managed in consultation with a pediatric or adult endocrinologist, because adrenal insufficiency usually is not in thalassemia an acute event but results from gradual decline in pituitary function, due to iron overload.

Deficiency of cortisol level (secondary AI) with intact renin-angiotensin-aldosterone system can cause adrenal crisis if it is severe or patients are in acute illness.

Therefore, we recommend a systemic testing of the adrenal function prior infection, trauma, surgical intervention or other stress and at regular yearly interval in TM patients with iron overload especially in those with other endocrinopathies.

For patients with proven AI, family education and stress steroids during times of illness, injury or surgery are imperative help reduce the morbidity and mortality associated with this serious complication. Recovery from other endocrinopathies may be possible in thalassemia by using intensive iron chelation therapy; however, this issue has not been studied in cases of AI.

Conclusions
===========

Our findings support the small prevalence of AI in adolescents and young adults with TM. All patients with TI have normal basal cortisol and ACTH secretion.

An early morning (8 am) plasma cortisol level lower the 10° percentile is suggestive for adrenal insufficiency, whereas a value higher than 15 μg/dL makes the diagnosis highly unlikely. Cortisol levels of intermediate range may be seen in patients with primary, secondary or tertiary adrenal insufficiency. In those cases and in patients with low basal cortisol and standard response to ACTH a strict collaboration with the endocrinologist is needed.

###### 

Comparison of median and interquartile range of the serum ferritin (ng/ml), cortisol (μg/dL) and ACTH (pg/ml) between TM and TI groups.

  Variable             Group   N       Median   Interquartile range   P-Value
  -------------------- ------- ------- -------- --------------------- ---------
  Ferritin level       TM      94      2184     3700                  \<0.001
  TI                   96      437     443                            
  Cortisol level       TM      94      17.34    6.51                  \<0.001
  TI                   96      13.07   5.69                           
  ACTH level (pg/ml)   TM      94      16.57    27                    0.072
  TI                   96      13.54   23                             

###### 

Age, sex, serum ferritin (ng/ml), basal ACTH (pg/ml), cortisol (ng/ml ) basal and after ACTH stimulating test (30 and 60 min).

  ---------------------------------------------------------------------------------------------------------------------------------
  Patient   Age   Sex      Serum ferritin   Basal cortisol and ACTH   Cortisol after ACTH (30 min)   Cortisol after ACTH (60 min)
  --------- ----- -------- ---------------- ------------------------- ------------------------------ ------------------------------
  1         23    female   968              0.702\                    22.2                           28.54
                                            \< 1                                                     

  2         11    male     \>6400           6.02\                     27.48                          32.78
                                            3.89                                                     

  3         25    male     \>6400           3.57\                     26.3                           30.2
                                            4.08                                                     
  ---------------------------------------------------------------------------------------------------------------------------------

Note: normally the plasma cortisol response at 30--60 minutes post ACTH injection should reach ≥ 18 μg/dl.
